Previous NIOSH studies demonstrated the embryo-and fetotoxicity and teratogenicity of ethylene glycol monoethyl ether (EGEE) applied to the shaved skin of pregnant rats. In the present study ethylene glycol monoethyl ether acetate (EGEEA), ethylene glycol monobutyl ether (EGBE), and diethylene glycol monoethyl ether (diEGEE) were tested in the same experimental model, using distilled water as the negative control and EGEE as a positive control. Water or undiluted glycols were applied four times daily on days 7 to 16 of gestation to the shaved interscapular skin with an automatic pipetter. Volumes of EGEE (0.25 mL), EGEEA (0.35 mL), and diEGEE (0.35 mL) were approximately equimolar (2.6 mmole per treatment). EGBE at 0.35 mL four times daily (approximately 2.7 mmole per treatment) killed 10 of 11 treated rats, and was subsequently tested at 0.12 mL (0.9 mmole) per treatment. EGEE-and EGEEAtreated rats showed a reduction in body weight relative to water controls that was associated with completely resorbed litters and significantly fewer live fetuses per litter. Fetal body weights were also significantly reduced in those groups. Visceral malformations and skeletal variations were significantly increased in EGEE and EGEEA groups over the negative control group. No embryotoxic, fetotoxic, or teratogenic effects were detected in the EGBE-or diEGEE-treated litters.
Introduction
The alkyl ether derivatives of ethylene and diethylene gylcol are an important class of solvents with numerous applications in consumer products as well as in industrial processes. Several members of this chemical family have recently been shown to be potent reproductive toxins in several animal species, as reviewed in detail elsewhere (1, 2) . Teratogenicity has been reported for ethylene glycol monomethyl ether (EGME) in mice (3) and rats (4) ; for ethylene glycol dimethyl ether (EGdiME) in mice (5); for ethylene glycol monoethyl ether (EGEE) in rabbits (6) and rats (6) (7) (8) ; and for ethylene glycol monoethyl ether acetate (EGEEA) in rats (4) . Evidence of testicular toxicity has been reported for EGME in mice (9) (10) (11) , rats (10) (11) (12) , and rabbits (12) ; for ethylene glycol monomethyl ether acetate (EGMEA) in mice (9) ; for EGEE in mice (9) , rats (8) , and dogs (8) ; for EGEEA in mice (9) ; and for diethylene glycol dimethyl ether (diEGdiME) in mice and rats (13) . In contrast, ethylene glycol monobutyl ether (EGBE) and diethylene glycol monoethyl ether (diEGEE) both have been tested once by inhalation exposure for teratogenicity (4) 4 and received on day 5 of gestation (sperm = day 1), when they were weighed and marked for individual identification by toe clipping. The interscapular region was shaved with electric clippers on day 5 or 6, and rats were formally randomized by weight to one of five groups. All rats were singly housed throughout the study in suspended stainless steel cages in a ventilated cage rack (Hazelton Systems, Aberdeen, MD) with free access to food and water. These cages are designed such that room air was drawn through the wire mesh floors of each cage and into an overhead plenum from which the exhaust air was ducted directly to a fume hood. Light was on a 12-hr light-dark cycle.
Rats were received in two separate shipments in consecutive weeks and the experiment was conducted in two replicates. Tieatment volumes were selected based on results of the earlier study of the teratogenicity of EGEE when applied to the skin of rats (7) . A volume of EGEE (0.25 mL four times daily) that was teratogenic in that study was used as the positive control. Approximately equimolar volumes (0.35 mL four times daily, for a total daily dose of 1.4 mL) of EGEEA, EGBE, and diEGEE were employed initially. Because the rats treated with 0.35 mL of EGBE showed marked toxic effects, the treatment volume was reduced in the second replicate to 0.12 mL EGBE four times daily. Undiluted glycols or water (control) were applied to the shaved interscapular region using an automatic pipetter (Finpipette) four times daily at 2.5-hr intervals on days 7 to 16 of gestation.
In addition to the randomization body weights (day 5 of gestation), body weights were recorded on the first and sixth days of treatment and on the first and fifth post-treatment days (gestation days 7, 12, 17 and 21, respectively). On day 21, females were killed by CO2 asphyxiation and gravid uterus weights were recorded. Fetuses were weighed and examined for external malformations. Alternate 
Results
Toxic signs were not noted in EGEE-, EGEEA-, or diEGEE-treated rats. However, red-stained urine was observed after only two treatments with 0.35 mL EGBE. By the end of the first treatment day, EGBEtreated rats produced burgundy-colored urine. Continued treatment with EGBE led to ataxia progressing to moderate to marked inactivity and rough haircoats with dark stains around the muzzle and ano-genital area. Several rats' tails blackened distally and were gradually eaten away as the apparent necrosis progressed. Deaths occurred on the third to seventh days of treatment (days Table 1 . Gestational body weights (mean ± SD) of pregnant rats in various treatment groups. Data in Table 2 reveal that, relative to the water controls, both EGEE and EGEEA treatments were strongly embryotoxic as reflected in significantly higher frequencies of completely resorbed litters and increased numbers of dead implants per litter. The number of dead implants per litter was also significantly higher in EGEEA-than in the positive control EGEE-treated litters. Considering only litters with at least one live fetus, there was a significant reduction in the number of live fetuses per litter in the EGEE-and EGEEAtreated groups. Similarly, the body weights of live fetuses in these two groups were significantly reduced relative to the water-treated controls. No evidence of embryo-or fetotoxicity was noted in the EGBE and diEGEE groups. On gross examination of fetuses, the only malformations noted were three fetuses from EGEE-treated litters with acaudia and imperforate anus ( Table 2 ).
Discussion
The results of this study confirmed the previously reported embryo-and fetotoxicity and teratogenicity of EGEE applied to the skin of pregnant rats. As was previously reported, cardiovascular defects were the predominant visceral malformation. A wide spectrum of skeletal variants was also seen both in the present and the earlier skin teratology evaluation of EGEE. Vertebral malformations and reduced skeletal ossification also occurred with increased frequency in EGEEtreated litters but were not statistically significant. The only gross malformations noted in the study were three EGEE-treated fetuses with acaudia and imperforate anus, a defect also seen in the previous evaluation of cutaneously applied EGEE.
The spectrum and frequency of malformations and variations in the EGEEA-treated litters was remarkably similar to that described for the EGEE-treated group. Statistically significant increases in cardiovascular malformations and skeletal variations were detected. Similar responses to EGEE and EGEEA are not unexpected since EGEEA should be rapidly hydrolyzed in vivo to EGEE and acetate. At an equimolar dose, in fact, EGEEA in this study caused even more severe maternal, embryo, and fetal toxicity than did EGEE. This was reflected in significantly reduced in body weight gain (Table 1 ) and increased dead implants per litter (Table 2) in EGEEA-treated litters relative to the EGEE litters.
Neither EGBE nor diEGEE was associated with embryo-or fetotoxicity, and the incidence of visceral and skeletal defects was not increased in either group. 
